Our brain codes perceptual features and actions in a distributed fashion, causing a binding problem: How does the brain recognize that information pertains to a specific object and not to other concurrently processed objects? Hommel (1998) suggested the event file concept: An episodic memory trace binding perceptual features and actions related to an event. By adapting Hommel's paradigm to emotional faces in a previous series of studies (Coll & Grandjean, 2016) , we revealed that emotion could take part in an event file with motor responses when emotion is task relevant and in specific situations when emotion is task irrelevant. In the latter case, we supposed that such integration occurs because of the importance of emotion-action coupling for our survival, even when the task is not specifically related to emotion. To date, emotion-action binding has been studied only with faces presented for 500 ms. In continuation with the hypothesis that humans developed adaptive mechanisms to allow fast responses to emotions, we designed 2 experiments to investigate the influence of the duration of angry and neutral face presentation on binding with motor responses. Results showed that emotion-action integration was possible in a 100-, 250-, and 500-ms presentation, but not when the faces were subliminally (14 ms) or supraliminally (28 ms) displayed. Timing is crucial in emotion-action binding, and although reaction to emotional stimuli might take place rapidly, its integration, as shown by the present studies, seems to require at least 100 ms.
The primate brain codes the perceptual features (e.g., color, shape, and location) and actions associated with one object in different neuronal networks (Hommel, 2004) . This distributed processing causes a binding problem (Treisman, 1996) : How does the organism integrate the information about an object without mixing it up with information from other concurrently processed objects? Kahneman, Treisman, and Gibbs (1992) suggested an episodic memory trace called the object file, which integrates the perceptual features related to an object. Adding to their idea, Hommel (1998) advanced that actions associated to objects could also take part in the binding. By asking participants to give different motor responses for two consecutively presented geometric figures (S1 and S2), one response (R1) depending on the direction of a previous cue (a right-or left-pointing arrow) and the other (R2) depending on one of the features of the stimulus (e.g., shape), Hommel described perception-action binding. Participants bound the perceptual features and motor action associated with the stimulus in S1 and this integration influenced the reaction times (RTs) to respond to S2. Reaction times were faster for a complete repetition (e.g., same shape and same motor response) and alternation (e.g., different shape and different motor response) of the perceptual features and motor action than in the case of a partial repetition (e.g., same shape, but different motor response). In the latter situation, the binding created in S1 interfered with the response in S2, increasing RTs. Hommel suggested thus to extend the object file concept and to call it event file in order to take into account perception-action bindings. Following Hommel's results, several investigators were interested in the role played by emotion in the event file. Indeed, authors developing theories of emotion (e.g., Grandjean, Sander, & Scherer, 2008; Scherer, 2001 ) have stressed the importance for survival of adjusted behavioral responses to environmental hazards (e.g., Cosmides & Tooby, 2000; James, 1884; Scherer, 2001 ) and integrated the concept of action tendencies (Frijda, 1986 (Frijda, , 2007 , emotion embodiment (Niedenthal, 2007) , or motivational theory (Lang & Bradley, 2010) . Moreover, the emotion-action binding could play a key role in anxiety disorders such as phobia or the posttraumatic stress syndrome: A stimulus associated to a traumatic event reactivating an intense fear well after the event. Thus, Colzato, van Wouwe, and Hommel (2007) presented positive and negative images between S1 and S2 in Hommel's paradigm (Hom-mel, 1998) and revealed that the partial repetition cost was reduced for positive pictures compared to the negative ones. Other authors showed that the preparation of an action with a particular valence slowed the establishment of a new action with the same valence, an effect called action-valence blindness (Eder & Klauer, 2009; Eder, Müsseler, & Hommel, 2012) . Lavender and Hommel (2007) , directly tested the emotion-action binding by asking participants to move a doll forward or backward from right-and left-oriented positive and negative pictures. Half of the participants were asked to approach the doll from positive images and to withdraw it from negative images. The other half had the reverse instructions. These authors discovered that participants were faster when moving the doll forward from positive pictures and backward from negative pictures than they were when doing the opposite. According to these authors, this phenomenon occurred because humans are used in everyday life to approaching positive events and avoiding or withdrawing from negative events. Therefore, the participants integrated the "approach" action with a positive valence and the "avoid" action with a negative valence. Thus, when the concept of valence was reactivated, they automatically activated the action related to it, affecting RTs.
In a previous study (Coll & Grandjean, 2016) , we replaced geometric figures of Hommel's paradigm (Hommel, 1998) with emotional and neutral facial expressions. Our aim was to generalize valence-action effects, to emotions such as anger and fear. Moreover, we wanted to study, complementary to the work of Lavender and Hommel (2007) , for example, the origin of emotionaction integration by using completely new responses to emotion. Participants had to use right and left key presses instead of the usual approach and avoidance movements (see for a review Phaf, Mohr, Rotteveel, & Wicherts, 2014) . We designed one pilot study and four studies that manipulated the relevance of emotion for the task, with the idea that emotion-action binding would be observed because of the importance to our survival of automatically reacting to environmental hazards (e.g., Cosmides & Tooby, 2000; James, 1884; Scherer, 2001 ), even when the task is not about emotion (e.g., a color task). As expected, emotion interacted with motor responses when it was task relevant, that is, when the task was about emotion (e.g., categorization). Participants were faster for a complete repetition and alternation of the emotion and motor response than for a partial repetition of them. When emotion was task irrelevant, participants revealed a marginal emotion-action interaction when performing an eye color task, but not a location task. In agreement with the intentional weighting principle (Memelink & Hommel, 2013) , which suggests that cueing a feature dimension (e.g., by making it task relevant) increases the saliency of stimuli coded in this dimension, focusing more of participants' attention on the details of the faces in the eye color task allowed emotion to be implicitly more fully processed and hence led to our results.
In another series of studies using the same adaptation of Hommel's paradigm, but presenting photographs of people expressing sadness and anger, Fitousi (2017) confirmed our results. Indeed, emotion always interacted with the motor response when task relevant and only when performing a gaze task, if task irrelevant. Such integration was not observed in an identity task, probably because participants' attention was not focused enough on emotion in this situation. Whereas gaze is tightly link with emotion recognition and categorization (e.g., Adams & Kleck, 2003 , participants, in agreement with our previous experiments (Coll & Grandjean, 2016) , can perform an identity task without concentrating much on emotion.
Purpose of the Study
The literature seems to confirm the possibility of emotionaction binding. However, no one to date has investigated the temporal dynamic of this integration. Considering the relevance of emotional information and thus the importance to adaptively react to such stimuli, we would expect emotion-action binding to occur even in the context of fast stimuli exposure such as for supraliminal and subliminal presentations. Indeed, numerous studies seem to highlight a preferential processing of emotional stimuli over neutral stimuli (see for a review Pourtois, Schettino, & Vuilleumier, 2013) , often characterized by the concept of emotional attention (Vuilleumier, 2005; Vuilleumier & Huang, 2009) . LeDoux (1994) even demonstrated a particular cerebral pathway for the rapid detection of emotional stimuli: A direct pathway that is supposed to transit through the eyes until the thalamus, then to the amygdala without passing through the visual cortex. Therefore, several studies have shown that emotion could influence behavior even when emotion is processed unconsciously (Berridge & Winkielman, 2003; Winkielman & Berridge, 2004; Winkielman, Zajonc, & Schwarz, 1997; Zemack-Rugar, Bettman, & Fitzsimons, 2007) . For example, Zemack-Rugar et al. (2007) observed that subliminally primed adjectives expressing guilt reduced reward behavior, whereas adjectives expressing sadness increased it. Moreover, a guilt subliminal prime increased helping behaviortaking part in an unpaid boring task-when compared with a sadness subliminal prime. Participants were not aware of the emotion primed and reported an equal level of subjective feelings of guilt and sadness in both conditions. Winkielman et al. (1997) showed that subliminally presented happy and angry faces influenced the liking of a Chinese symbol. In the same vein, Berridge and Winkielman (2003) revealed that subliminally presented happy faces made participants judge a beverage as being more pleasant than angry faces did, without influencing their subjective feeling. Without manipulating emotion, Kahneman et al. (1992) , who tested the integration of perceptual features (object file) in their fourth experiment, showed that such binding could be created if the presentation of the preview display was reduced by up to 20 ms. Furthermore, Keizer, Hommel, and Lamme (2015) revealed that, by manipulating consciousness of a stimulus with an effective or ineffective mask, location could bind with the orientation of a Gabor patch when presented for 17 ms. Interestingly, Keizer et al. (2015) also showed that the RTs in S2 were faster and the binding cost greater with an ineffective mask, suggesting that the longer the stimulus remains in the retina, the greater are the binding effects. Can these examples be extended to the event file of emotional faces? Our aim in the present studies was thus to investigate how the duration of angry and neutral face presentation influences emotion-action binding.
Two experiments were developed by using our previous paradigm (Coll & Grandjean, 2016) and manipulating the duration of S1 presentation. The first experiment compared emotion-action binding with S1 presented for 500, 250, 100, and 28 ms, whereas the second experiment compared binding for a presentation of 250, 100, 28, and 14 ms. Our first hypothesis was that perceptual This document is copyrighted by the American Psychological Association or one of its allied publishers.
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features would bind in an object file independently of presentation duration. However, in accordance with Keizer et al.'s (2015) observations and more generally studies showing reduced identification performance, skin conductance amplitude, RT to locate a target, and so forth with subliminal stimuli compared to supraliminal stimuli (e.g., Kiss & Eimer, 2008; Sato, Okada, & Toichi, 2007; Williams et al., 2006) , we predicted the object file binding to decrease with decreasing duration. Participants would be faster for a complete repetition and alternation of emotion and color of faces than for a partial repetition of them. Second, we expected emotion to bind in an event file with motor actions independently of presentation duration. Nonetheless, as is the case for the object file assumption, we assumed this integration to decrease with decreasing duration. Following our previous results (Coll & Grandjean, 2016) , we predicted participants to be faster for a complete repetition and alternation of emotion and motor response than for a partial repetition of them.
Experiment 1
The first experiment was designed to compare emotion-action integration between four durations of S1: 28, 100, 250, and 500 ms. The 500-ms duration was used in the original paradigm of Hommel (1998) , as well as its adaptations to investigate the emotion-action integration (e.g., Coll & Grandjean, 2016; Fitousi, 2017) . With this duration, emotion clearly interacted with the motor response. The 28-ms duration was supraliminal, in the sense that participants could see a face but not consciously process its emotion. We supposed that emotion would bind with the motor response in all presentation durations, but that this effect would decrease with them.
Method
Participants. Twenty people (4 men; M age ϭ 26.15 years, SD ϭ 5.49) from the University of Geneva and surrounding area took part in this study for financial compensation. The sample size was decided from a power analysis performed in a previous experiment (Coll & Grandjean, 2016 , Experiment 1) with the simr R package (Green & Macleod, 2016) , in which 100% of power (95% confidence interval [CI] [99.63, 100] ) for an effect size of R m 2 ϭ .03 and R c 2 ϭ .34 was obtained with 20 participants. All reported having normal or corrected-to-normal vision and were not familiar with the purpose of the experiment. Written informed consent was obtained from all participants. The experiment was conducted at the University of Geneva and approved by the local ethical committee. Apparatus and stimuli. The experiment was controlled with a Dell OptiPlex 9020 Intel Inside Core i7 vPro computer, attached to a Philips 242G5D 24-in. monitor with a 144-Hz refresh rate. Participants wore 70 ⍀ Sennheiser HD 25-1 II headphones in order to receive auditory feedback when they made a mistake. Stimuli were elaborated with FACSGen software (Roesch et al., 2011; Roesch, Reveret, Grandjean, & Sander, 2006) and consisted of 3D colored avatar faces of two men and two women expressing anger or being neutral. They were selected on the basis of a study in which 44 participants evaluated them in terms of gender, believability, and intrinsic emotionality (Roesch et al., 2011) . They were also rated by 20 participants in terms of emotion intensity on a scale from 0 (not intense) to 100 (very intense; Roesch et al., 2011) .
2 To control important variables in our stimuli such as luminance or spatial frequency, which can themselves influence the evaluation of affective pictures (Lakens, Fockenberg, Lemmens, Ham, & Midden, 2013; Savage, Lipp, Craig, Becker, & Horstmann, 2013) , we converted the color images to grayscale images and used the Matlab SHINE toolbox (Willenbockel et al., 2010) . The toolbox equalized the mean luminance and contrast of our pictures by matching their luminance histograms to a specified target histogram. This toolbox also controlled for differences in spatial frequencies by matching the amplitude spectrum of our pictures to a specified target spectrum by using, in particular, the fast Fourier transform method. A 50% red and green filter was then added to our pictures with Photoshop software so that we could investigate the integration of a task-irrelevant feature with emotion. The faces were presented on a black background, horizontally and vertically centered. The response cue for the first face (S1) was presented in the middle of the screen, with rows of three left-or right-pointing arrows indicating a left and right key press, respectively. Responses to S1 and S2 were made by pressing the left or right arrow of the keyboard with the index and middle finger of the right hand, respectively.
Procedure and design. The first experiment was divided into three parts: (1) the binding task to test emotion-color and emotionaction integration, (2) a detection task to check the effect of our timing manipulation on the recognition of our stimuli's emotion, and (3) a French translated version of the Edinburgh Handedness Inventory (EHI; Oldfield, 1971) to precisely assess the handedness of the participants.
Binding task. An overview of the procedure is displayed in Figure 1 . A fixation cross appeared in the middle of the screen for 1,000 ms, and was then replaced by the cue for 1,500 ms. Participants were instructed to look at the cue. Next, a second fixation cross was presented for 1,000 ms. S1 then appeared on the screen for 28, 100, 250, or 500 ms, replaced afterward by a mask. Both stimuli were presented for a total of 500 ms. Thus, if S1 was presented for 28 ms, the mask was displayed for 472 ms and so on. S1 could be a picture of a man or a woman, red or green filtered, expressing anger or being neutral. Participants responded to that stimulus with the left or right arrow of the keyboard, depending on the direction of the cue, thus independently of the face's identity or emotion. The mask was a grayscale scramble of the image in S1. After a 500-ms interval, S2 was presented for 2,000 ms. This second face could vary from S1 by color and emotion. Participants responded to that stimulus according to the emotion of the face. Half of the participants responded with a right key press for an angry face and a left key press for a neutral face, and the other half 1 We report the effect sizes according to the approach of Nakagawa and Schielzeth (2013) , implemented in the MuMIn R package. Authors developed an approach on the basis of two indicators, a marginal and a conditional R 2 (R m 2 and R c 2 , respectively), allowing comparability with standard methods, while taking into account the variance explained by the random effects. R m 2 is the variance explained by the fixed factors, whereas R c 2 is the variance explained by the entire model (both fixed and random effects). We calculated them for each significant effect in our statistical models.
2 Results of a study by Roesch et al. (2011) showed that the mean intensity ratings for anger and neutral facial expressions were 60 (SD ϭ 5.52) and 20.8 (SD ϭ 5.52), respectively. This document is copyrighted by the American Psychological Association or one of its allied publishers.
of the participants did the opposite. Finally, a blank screen appeared for 1,000 ms before the next trial. Several feedback directions were added to our paradigm to ensure a correct answer from the participants. Each direction was accompanied by a sound (a beep) and displayed different instructions depending on the mistake made by the participant. First, participants were told to answer according to the cue when they did not respond or made a mistake in S1. When it was the case, they started the trial again from the beginning. Second, participants were asked to respond according to the emotion when no response or a wrong one was given in S2. Participants went on with the trial in that second scenario.
The binding task comprised 512 trials composed of a factorial combination of the cue (left vs. right), emotion (angry vs. neutral), color (green vs. red), and identity (two women: F1 and F2; two men: H1 and H2) of the face, as well as the duration of S1 presentation (28 vs. 100 vs. 250 vs. 500 ms) and the repetition versus alternation of emotion and color. The experiment was divided into eight blocks of 64 trials and lasted about 64 min.
Detection task. At the end of the experiment, all pictures, except those presented at 500 ms, were displayed to the participants again in a detection task. They had to say whether they could see the emotion of the faces by answering yes or no with the right or left arrow of the keyboard, respectively. If yes, they had to tell which emotion was expressed-anger, neutral, or other-with the left, front, or right arrow of the keyboard, respectively. This task was added as a control to our duration manipulations, as we wanted recognition of emotion to decrease with decreasing presentation duration. Moreover, we expected participants' detection to be below chance level for the 28-ms presentation.
The detection task comprised 48 trials composed of a factorial combination of the emotion (angry vs. neutral), color (green vs. red), and identity (two women: F1 and F2; two men: H1 and H2) of the face, as well as the duration of S1 presentation (28 vs. 100 vs. 250 ms). The detection task lasted about 5 min.
EHI. Finally, participants completed a French translated version of the EHI (Oldfield, 1971) . This test gives a score of between Ϫ100 (highly left-handed) and 100 (highly right-handed). Given that participants were instructed to respond with the index finger and middle finger of the right hand, we used it to control for a possible advantage for right-handed participants over left-handed participants.
Statistical Analysis
Binding task. To test our assumptions, that is, the binding between perceptual features (object file hypothesis) and the binding between perceptual features and motor responses (event file hypothesis) independently of the presentation duration and in accordance with it, we used the generalized linear mixed models (GLMMs) statistical method. GLMMs are interesting because they allow one to incorporate random effects and to specify different distributions, such as Poisson or binomial (Bolker et al., 2009; McCulloch, 2003) . Moreover, with GLMMs it is not necessary to average the trials of individuals, as is often done when using classic analysis of variance, without checking the application conditions carefully and then modeling the total variance, including the one related to the trials within individuals.
To investigate the contribution of each variable and their interactions, we compared different models using the Fisher's F test. Figure 1 . Overview of the displays and timing of events in the first and second experiments. The 500-ms presentation for S1 was present only in the first experiment, whereas the 14-ms presentation concerned only the second experiment. Faces in S1 and S2 were presented behind a red or green filter. S1 and S2 refer to two consecutively presented geometric figures. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Our fixed effects were emotion repetition (same vs. different), color repetition (same vs. different), motor response repetition (same vs. different), and S1 presentation duration (28 vs. 100 vs. 250 vs. 500 ms). Participant identity was specified as a random effect. The identity of the face was not kept as a random variable because there was no significant effect of adding it to our models, 2 (1, N ϭ 20) ϭ 0.08, p ϭ .78. For the same reason, the score in the EHI was not added as a continuous predictor in our models, 2 (1, N ϭ 20) ϭ 1.82, p ϭ .18. Detection task. For the same reasons as in the binding task, GLMMs were used to consider the detection task data. Binomial models compared with the chi-square difference test were specified in order to compare the detection of emotion between conditions. The fixed effect was presentation duration (28 vs. 100 vs. 250 ms), and the random effect was the participant's identity.
Results
Binding task. In order to focus on the results answering our hypotheses, we did not report main effects in the manuscript. However, they can be found on the Appendix A of the supplementary materials section. Moreover, accuracy analyses were not reported on the present manuscript because of a ceiling effect (95% of correct responses), but they can be found for informational purposes on the Appendix B of the supplementary materials section.
Preprocessing. Before starting our analyses, we excluded trials with incorrect (6% of total trials), missing (Ͼ2 standard deviations above the mean; 5% of total trials), or anticipatory (Ͻ2 standard deviations under the mean; 0.3% of total trials) responses.
Object file hypothesis. Concerning the interaction between perceptual features, that is, the object file hypothesis, emotion repetition significantly interacted with color repetition, F(1, 9173) ϭ 4.54, p Ͻ .05, R m 2 Ͻ .01, R c 2 ϭ .29 (see Figure 2) . As shown by simple effects, participants were faster for an emotion repetition than for alternation when the color was repeated, 2 (1, N ϭ 20) ϭ 13.95, p Ͻ .001. They were also faster for a color repetition than for alternation when the emotion was repeated, 2 (1, N ϭ 20) ϭ 7.53, p Ͻ .01. However, no significant difference between a repetition and alternation of the emotion was observed when color was alternated, 2 (1, N ϭ 20) ϭ 0.52, p ϭ .47, nor between a repetition and alternation of the color when emotion was alternated, 2 (1, N ϭ 20) ϭ 0.07, p ϭ .79. The three-way interaction between S1 presentation duration, color repetition and emotion repetition was significant, F(3, 9173) ϭ 3.14, p Ͻ .05, R m 2 ϭ .01, R c 2 ϭ .30 (see Figure 3) . We then decided to investigate emotion-action integration for each presentation duration and between presentation levels. To do so, we had to control for the multiple comparisons problem (Benjamini & Hochberg, 1995; Benjamini & Yekutieli, 2001; Shaffer, 1995) . As our contrasts in this situation were not independent of each other, it would have led, without correction, to an increase in the falsepositive error rate with each test. The p values presented were then adjusted by using the false discovery rate (FDR) correction implemented in the stats R package. This method for controlling multiple testing was preferred to other familywise error rate controlling procedures, such as Bonferroni correction, because of its ability to control for Type I errors without increasing Type II errors too much (Benjamini & Hochberg, 1995; Benjamini & Yekutieli, 2001) .
Concerning emotion-color integration for each presentation duration (see Table 1 ), only two simple effects for the 500-ms presentation were significant: (1) Participants were faster for a color repetition than for alternation when emotion was repeated and (2) they were faster for an emotion repetition than for alternation when color was repeated.
Concerning emotion-color integration between presentation levels (see Table 2 ), no significant interaction contrasts were obtained between our presentation durations. However, the difference between a complete repetition/alternation of the emotion and color and a partial repetition of them was greater in the 500-ms duration than in the 100-ms and 28-ms duration.
Finally, S1 presentation duration significantly interacted with emotion repetition, F(3, 9173) ϭ 7.74, p Ͻ .001, R m 2 ϭ .01, R c 2 ϭ .30, but not with color repetition, F(3, 9173) ϭ 0.04, p ϭ .99.
Event file hypothesis. Concerning the second assumption, that is, the interaction between perceptual features and motor response, emotion repetition significantly interacted with motor response repetition, F(1, 9173) ϭ 90.19, p Ͻ .001, R m 2 Ͻ .01, R c 2 ϭ .30 (see Figure 4) . As shown by simple effects, participants were faster for a motor response repetition than for alternation when emotion was repeated, 2 (1, N ϭ 20) ϭ 36.55, p Ͻ .001. They were also faster for a motor response alternation than for repetition when emotion was alternated, 2 (1, N ϭ 20) ϭ 54.53, p Ͻ .001. Inversely, they were faster for an emotion repetition than for alternation, when the motor response was repeated, 2 (1, N ϭ 20) ϭ 80.13, p Ͻ .001. Finally, they were faster for an emotion alternation than for repetition when the motor response was alternated, 2 (1, N ϭ 20) ϭ 20.1, p Ͻ .001. S1 presentation duration also showed a significant three-way interaction with emotion and motor response repetition, F(3, 9173) ϭ 11.50, p Ͻ .001, R m 2 ϭ .02, R c 2 ϭ 31 (see Figure 5 ). In the same way as for the three-way interaction between S1 presentation duration, emotion repetition and color repetition, we first investigated emotion-action integration for each presentation duration, then between presentation levels, while correcting p values using the FDR correction method. ‫ءء‬ p ϭ .01. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Concerning emotion-action integration for each presentation duration (see Table 3 ), all simple effects were significant in the 100-, 250-and 500-ms presentation: Participants were faster for a complete repetition and alternation of the emotion and motor response than for a partial repetition of them. On the opposite, no significant simple effects were observed in the 28-ms presentation duration.
Concerning the emotion-action integration between presentation levels (see Table 4 ), the difference between a complete repetition/alternation of the emotion and motor response and a partial repetition of them was significantly greater in the 500-ms duration than in the 100, 250 and 28-ms presentation. This difference was also greater in the 250-and 100-ms duration than in the 28-ms presentation. Nonetheless, the interaction contrast was not significantly different between the 250-and 100-ms presentation.
Interactions were not significant between color and motor response repetition, F(1, 9173) ϭ 0.11, p ϭ .74; S1 presentation duration and motor response repetition, F(3, 9173) ϭ 0.15, p ϭ .93; S1 presentation duration, color, and motor response repetition, F(3, 9173) ϭ 0.67, p ϭ .57; emotion, color, and motor response repetition, F(1, 9173) ϭ 1.14, p ϭ .29; or four-way interaction between S1 presentation duration, emotion, color, and motor response repetition, F(3, 9173) ϭ 0.83, p ϭ .48. 
Discussion
Several interesting results stand out from this first experiment. Concerning the binding between perceptual features, that is, the object file hypothesis, emotion significantly interacted with color. However, only two simple effects were significant: Participants This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
were faster for an emotion repetition than for alternation when the color was repeated, and for a color repetition than for alternation when the emotion was repeated. Whereas binding effects between the task-relevant feature and the motor response are always clearcut in the event file literature (e.g., Coll & Grandjean, 2016; Hommel, 1998; Lavender & Hommel, 2007; Zmigrod, Spapé, & Hommel, 2009) , they are often less obvious when irrelevant features are implicated. Following an intentional weighting principle (Hommel, Memelink, Zmigrod, & Colzato, 2014; Memelink & Hommel, 2013) , they seem to depend on the level of attention allowed by the task. Indeed, when asked to perform a location task in our previous study (Coll & Grandjean, 2016) , as well as Lavender and Hommel's (2007) study, for instance, participants never showed a significant emotion-action interaction. In order to highlight such effect, participants have to perform an emotional task (categorization) or the task-relevant feature has to focus participants' attention on the details of the stimuli, and thus emotion (e.g., Coll & Grandjean, 2016; Fitousi, 2017; Giesen & Rothermund, 2011) . In the present experiment, whereas emotion, the task-relevant feature, clearly interacted with the motor response and in a three-way effect with motor response and presentation duration, color, the task-irrelevant feature, did not interact with the motor response and the emotion-color effect was less distinct (only two simple effects were significant). As predicted, the emotion-color interaction was also significant in this first experiment when the presentation duration was taken into consideration. Investigating the emotion-color binding in each presentation duration only revealed significant effects in the 500-ms duration: Participants were faster for a color repetition than for alternation when emotion was repeated, and they were faster for an emotion repetition than for alternation when color was repeated. These results might suggest that the object file binding was only significant in the 500-ms presentation. However, it might also be a problem at the level of the retrieval in the 28-, 100-and 250-ms duration. Indeed, partial-repetition costs involve two mechanisms: Binding and retrieval. Therefore, the lack of an effect may indicate a lack of binding, a lack of retrieval, or both. However, the fact that our conditions differ at the binding process (our timing manipulation happens at S1), but not at retrieval (no timing manipulation at S2) we would infer that our effects are mostly driven by differences in the binding process. Comparing the emotioncolor binding between the presentation duration highlighted no significant interaction contrasts between our presentation durations. However, in accordance with the hypothesis of a decreasing binding effect with decreasing presentation duration, the interaction was marginally greater in the 500-ms duration than in the 100-ms and 28-ms duration.
Independently of the presentation duration, participants were faster for a complete repetition and alternation of emotion and motor response than for a partial repetition of them. Taking into consideration the presentation duration, participants were faster for a complete repetition and alternation of the emotion and motor response than for a partial repetition of them in the 100-, 250-and 500-ms presentations. In the 28-ms condition, this effect was not significant, suggesting that the binding was not possible in such a short amount of time. In agreement with the assumption of reduced binding effects with decreasing presen- This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
tation durations, the difference between a complete repetition/ alternation of the emotion and motor response and a partial repetition of them was significantly greater in the 500-ms duration than in the 100-, 250-and 28-ms presentation. Moreover, this difference was also greater in the 250-and 100-ms duration than in the 28-ms presentation. However, binding effects were not significantly different between the 250-and 100-ms presentation.
To conclude with our research question, emotion in this first experiment significantly bound with the motor response in the 500-, 250-, and 100-ms presentations. In accordance with what was expected, this integration seemed to decrease with decreasing presentation duration. The 28-ms supraliminal condition, in which, as expected, only 10% of emotion recognition was obtained (see detection task results), did not show significant emotion-action binding effects. Our aim for the next experiment was to test the reproducibility of our results and the effects of a subliminal presentation.
Experiment 2
We demonstrated with the previous study that emotion could interact with the motor response with S1 presentation durations of 100, 250, and 500 ms. However, no significant binding effects were obtained in the 28-ms supraliminal condition. The present experiment was designed to investigate the reproducibility of this result, as well as emotion-action binding in a subliminal S1 presentation.
Method
Participants. Twenty new people (2 men; M age ϭ 22.65 years; SD ϭ 4.72) from the University of Geneva and surrounding area took part in this second experiment for financial compensation. All reported having normal or corrected-to-normal vision and were not familiar with the purpose of the experiment. Written informed consent was obtained from all participants. The experiment was conducted at the University of Geneva and approved by the local ethical committee.
Apparatus and stimuli. The same apparatus and stimuli as in the previous study were used in this experiment.
Procedure and design. The same procedure and design as in the first experiment were used in this study, except for the change in durations mentioned above (see Figure 1) . In the 14-ms S1 presentation, the mask was presented for 486 ms to allow a duration of 500 ms in total (S1 ϩ Mask Presentation). Further- This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
more, the durations for the detection task this time were 14, 28, and 100 ms. Statistical analysis. The same statistical analysis and factors as in the first experiment were used in this study. However, concerning the continuous predictor, this time there was a significant effect of adding the EHI score to our models, 2 (1, N ϭ 20) ϭ 5.57, p Ͻ .05. The identity of the face was not added as a random factor, because its effect was not significant, 2 (1, N ϭ 20) Ͻ .001, p ϭ .98.
Results
Binding task. For the same reasons as the previous experiment, main effect and accuracy results were not reported in the present manuscript. Please find them respectively on the Appendix A and Appendix C of the supplementary materials section.
Preprocessing. Before starting our analyses, we once again excluded trials with incorrect (4% of total trials), missing (Ͼ2 standard deviations above the mean; 5% of total trials) or anticipatory (Ͻ2 standard deviations under the mean; 0.01% of total trials) responses.
Object file hypothesis.
Concerning the binding between perceptual features, no effect of interest was significantly obtained. Indeed, emotion repetition did not significantly interact with color repetition, F(1, 9300) ϭ 1.02, p ϭ .31, nor did emotion repetition, color repetition, and S1 presentation duration, F(3, 9300) ϭ 1.43, p ϭ .23. The only significant effects were the interaction between emotion repetition and S1 presentation duration, F(3, 9300) ϭ 7.42, p Ͻ .001, R m 2 ϭ .10, R c 2 ϭ .41. The interaction between S1 presentation duration and color repetition was marginal, F(3, 9300) ϭ 2.36, p ϭ .07, R m 2 ϭ .10, R c 2 ϭ .414. Event file hypothesis. Concerning interactions between perceptual features and the motor response, emotion repetition significantly interacted with motor response repetition, F(1, 9300) ϭ 53.59, p Ͻ .001, R m 2 ϭ .09, R c 2 ϭ .41 (see Figure 6 ). Participants were significantly faster for motor response repetition than for alternation when emotion was repeated, 2 (1, N ϭ 20) ϭ 40.98, p Ͻ .001. Moreover, they were significantly faster for motor response alternation than for repetition when emotion was alternated, 2 (1, N ϭ 20) ϭ 15.63, p Ͻ .001. Inversely, when motor response was repeated, they were faster for emotion repetition than for alternation, 2 (1, N ϭ 20) ϭ 45.53, p Ͻ .001. Finally, they were faster for emotion alternation than for repetition when motor response was alternated, 2 (1, N ϭ 20) ϭ 12.93, p Ͻ .001. Another significant effect was the three-way interaction between emotion repetition, motor response repetition, and S1 presentation duration, F(3, 9300) ϭ 21.68, p Ͻ .001, R m 2 ϭ .11, R c 2 ϭ .42 (see Figure 7) . Investigating the emotion-action integration for each presentation duration (see Table 5 ), while correcting the p values for multiple comparisons using the FDR method, we observed that participants were significantly faster for a complete repetition and alternation of the emotion and motor response than for a partial repetition of them in the 100-and 250-ms presentation conditions. All simple effects of interest were significant. However, neither simple effects for the 28-nor the 14-ms presentation duration were significant.
Concerning the emotion-action integration between presentation levels (see Table 6 ), the difference between a complete repetition/ Note. FDR ϭ false discovery rate. Note. FDR ϭ false discovery rate. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
alternation of the emotion and motor response and a partial repetition of them was significantly greater in the 250-ms duration than in the 100-, 28-and 14-presentation conditions. This difference was also greater in the 100-ms duration than in the 28-and 14-ms presentations. No significant difference was obtained between the 250-and 100-ms duration, nor the 28-and 14-ms condition.
Interactions were not significant between color and motor response repetition, F(1, 9300) ϭ 0.24, p ϭ .63; S1 presentation duration and motor response repetition, F(3, 9300) ϭ 0.58, p ϭ .63; S1 presentation duration, color, and motor response repetition, F(3, 9300) ϭ 0.88, p ϭ .45; or emotion, color, and motor response repetition, F(1, 9300) ϭ 0.40, p ϭ .84, nor were they significant for the four-way interaction between S1 presentation duration, emotion, color, and motor response repetition, F(3, 9300) ϭ 0.98, p ϭ .40.
Detection task. As predicted, there was a significant main effect of presentation duration for emotion recognition, .97], z ϭ 1.67, p ϭ .09) duration, when they previously considered to have recognized the emotion expressed by the face. Participants were marginally more accurate for the 100-than for the 28-ms presentation duration (z ϭ Ϫ1.73, p ϭ .08).
Discussion
Several interesting results in line with the previous experiment were found. Indeed, emotion, independently of S1 presentation duration, interacted with the motor response. Once again, participants were faster for a complete repetition and alternation of these elements than for a partial repetition of them. Taking into consideration S1 presentation duration, participants again showed significant emotion- This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. action binding effects in the 100-and the 250-ms presentations.
Concerning the 28-ms presentation, we reproduced the result of the first experiment in the sense that emotion-action integration effects were not demonstrated. For the 14-ms presentation, such effects were not observed either.
In accordance with the results of the first experiment, our simple effects comparing the strength of emotion-action integration between the presentation durations revealed a bigger difference between a complete repetition/alternation of the emotion and motor response than a partial repetition of them in the 250-ms duration compared to the 100-, 28-and 14-presentation conditions. Moreover, the 100-ms duration binding effects were greater than in the 28-and 14-ms presentations. No significant difference was obtained between the 250-and 100-ms duration, nor the 28-and 14-ms condition.
Concerning the object file hypothesis, no effect of interest was observed in this second experiment, whereas the emotion-color interaction was significant in the first experiment independently and dependently of S1 presentation duration (noticeably few simple effects were significant in the first experiment). This result is once again in accordance with the intentional weighting principle (Memelink & Hommel, 2013) . In our previous study for example (Coll & Grandjean, 2016) , whereas the event files between the relevant features and the motor response were clearly observed, the other effects were often less important. For the visuomotor integration, for example, we highlighted three degrees of coexisting bindings: A strong level implicating the relevant feature for the task, a smaller one implicating the location, and an even smaller one implicating irrelevant features. Focusing participants' attention on emotion in the present experiment did not allow enough attention on color and probably prevented it from binding with emotion and the motor response.
To conclude with our research question, emotion once again revealed binding effects with the motor response when S1 presentation duration was equal to or more than 100 ms. However, no such effect was obtained with 28-nor 14-ms presentations.
General Discussion
Two experiments were designed to investigate the effect of presentation durations of angry and neutral facial expressions on their binding, both at the perceptual level and with motor responses. The first experiment showed such binding effects when the faces were presented for 100, 250, and 500 ms, but not when the stimuli were supraliminally displayed for 28 ms. The second experiment reproduced these results and demonstrated that this was also not the case in a subliminal presentation of 14 ms.
Although the literature revealed object file bindings with subliminal presentations (Kahneman et al., 1992; Keizer et al., 2015) , our results could not be expanded to the object file of angry facial expressions, nor to their event file. Concerning the object file binding, we note that color did only take part in two significant effects in the present experiments: An emotion-color object file independent and dependent of S1 presentation duration in the first experiment. However, these interactions were much less distinct (few simple effects were significant) than the emotion-motor response interaction. In accordance with the intentional weighting principle (Memelink & Hommel, 2013) , focusing participant's attention on emotion, by making it task-relevant, minimized color's importance and reduced in general its integration (i.e., not only with supraliminal or subliminal presentations). Concerning the event file bindings, color, probably for the same reason, did not show binding effects with the motor response. Nonetheless, it was the case for emotion independently and dependently of S1 duration. In agreement with previous studies in the literature (e.g., Coll & Grandjean, 2016; Eder & Klauer, 2009; Fitousi, 2017; Lavender & Hommel, 2007) , participants were faster for a complete repetition and alternation of the emotion and motor response than for a partial repetition of them. When S1 presentation duration was taken into account, the same results were found in the 100-, 250-, and 500-ms presentations. In agreement with our predictions, binding effects seem to decrease with decreasing S1 presentation duration in both experiments. Moreover, the emotion-action interaction was not significant in the 14-and 28-ms presentation, our subliminal and supraliminal conditions, respectively.
Although subliminal and supraliminal reactivations of past emotion-action bindings can influence behavior rapidly and in an unconscious manner (e.g., Berridge & Winkielman, 2003; Winkielman & Berridge, 2004; Winkielman et al., 1997; Zemack-Rugar et al., 2007) , creating new event file associations seems to require more time. Indeed, 2 mechanisms must accord in order to allow an event Note. FDR ϭ false discovery rate. Note. FDR ϭ false discovery rate. This document is copyrighted by the American Psychological Association or one of its allied publishers.
file binding: Perception of the stimulus and execution of the motor response. If the time lag after S1 presentation and R1 execution is too big, the association might not be possible (see Figure 8 ). Interestingly, a comparable effect is observed for a phenomenon implicating the association of a stimulus with a response and that might be related to the binding: conditioning. Conditioning is known as the phenomenon happening when a conditioned stimulus (conditional stimulus [CS] ; e.g., a light) has been presented once or several times close in time with an unconditioned stimulus (US; e.g., an electric shock) until obtaining a conditioned response (CR; e.g., a freezing) without the unconditioned stimulus (Pavlov, 1927) . From a review of several studies using a conditioning protocol, Kimble (1947) revealed the optimal timing between a CS and a US to obtain CR as being about 500 ms. A bigger or a shorter CS-US interval resulting in much less effective conditioning (Kimble, 1947) . In the present experiments, the emotion-action binding could have been prevented in a 14-ms subliminal and 28-ms supraliminal S1 duration because the time lag after S1 presentation and R1 execution was far too much important (see Figure 8 ). However, Hommel (2005) observed, by adapting his original paradigm of 1998, that an event file binding was possible when R1 execution was delayed from 0 to 500 ms after S1 presentation using a tone to trigger R1. Therefore, presentation duration per se might be responsible for the absence of binding effects between emotion and action in the supraliminal and subliminal conditions. We can thus conclude from our experiments that timing is crucial for the creation of an emotion-action binding, and that although reaction to emotional stimuli might take place rapidly, emotion-action associations seem to need at least 100 ms of stimulus duration in S1.
Limitations
The experiments exposed in this paper are the first in the literature to have investigated the timing of the event file integration of emotional stimuli, but they have some limitations. The first concerns Hommel's paradigm (Hommel, 1998) when the task-relevant feature is of interest. Indeed, contrary to the task-irrelevant feature where orthogonal variation is allowed in S1 and S2, the response to the task-relevant feature is constrained by the instructions (e.g., left index finger response for emotion and right index finger response for neutral). It has the consequence that the complete repetition and alternation situations are always compatible with the instructed mapping in S1, while partial repetition conditions are not. Then compatibility effects might boost binding effects for the task-relevant feature. However, emotion has been shown in the literature to bind with motor actions when task-irrelevant, that is, without binding/compatibility confound (e.g., Coll & Grandjean, 2016; Fitousi, 2017; Giesen & Rothermund, 2011; Moeller, Frings, & Pfister, 2016) . Therefore, compatibility may have an effect on our results, but it is certainly not the only factor driving them.
In line with the first limitation, the fact that emotion was always the task-relevant feature do not allow the present experiments to conclude that the timing influence observed is specific to emotionaction binding or general for stimulus-response binding. Focusing on task-relevant emotional expressions was decided based on a previous series of studies (Coll & Grandjean, 2016) , in which this situation highlighted the most clear-cut results. To go further and show how our results are specific or not for emotional features, one could adapt our paradigm to nonemotional features and compare the integration to what was observed herein.
Another limitation of the present experiments, and more generally of studies comparing the influence of emotional and neutral stimuli, is the fact that it is impossible to fully separate emotions from the physical/sensory information that compose them. Actually, this limitation is in line with a debate in the literature concerning the importance of local or holistic processes when processing a face (e.g., Coelho, Cloete, & Wallis, 2010; Goffaux & Rossion, 2006) . Arguments in favor of both sides coexist (e.g., Calvo & Nummenmaa, 2008; Horstmann, Becker, Bergmann, & Burghaus, 2010) . Whether emotion as a whole or its features are responsible for the fact that it benefits from a particular processing is still a controversial issue, but in order to reduce a maximum the impact of low-level information on our results, we carefully controlled in the present experiments the luminance and the spatial frequency of our stimuli. Furthermore, the identity of the face was strictly controlled by presenting the same identity in S1 and S2, and this factor was added as a random factor when significant. Figure 8 . Illustration of the relation between S1 presentation and R1 execution for each duration of S1 for Experiment 1 and 2. For a 500-and 250-ms S1 duration, R1 is executed during S1 presentation (the mean RT for S1 in both experiments is 192.36 ms, SD ϭ 98.52 ms). For a 100-ms S1 duration, R1 is executed around S1 presentation. For the 28-and 14-ms durations, R1 is executed well after S1 presentation, during the mask. S1 refers to a geometric figure, and R1 is one response depending on the direction of a previous cue (a right-or left-pointing arrow). This document is copyrighted by the American Psychological Association or one of its allied publishers.
Conclusion
Two experiments manipulating the presentation duration of angry and neutral facial expressions in our adaptation of the paradigm of Hommel (Coll & Grandjean, 2016) showed that emotion could interact with motor responses in 100-, 250-, and 500-ms presentation durations. No such effect was observed in a 14-ms subliminal or 28-ms supraliminal presentation.
From our results, different paths can be taken to further our understanding of timing influence in the creation of event files. It could be interesting, for instance, to manipulate the relevance of the emotion for the task. In our previous studies (Coll & Grandjean, 2016) , we demonstrated, using a 500-ms presentation duration, that emotion could interact with motor response even when irrelevant for the task in S2. Varying the duration in the same way as in the present study would help us improve our comprehension of this phenomenon in two ways: (1) it would allow us to compare timing influence on the event file between an emotional and a neutral feature, and (2) we could observe how the emotion-action binding of irrelevant emotions is influenced by different presentation durations. The first proposition, in particular, would allow scientists to better understand what is the part, in the results of the present study, due to emotional features in the observed bindings and the one due to the event file in general. We could also test other irrelevant variables. Here, we chose color because we had not tried it before as a global feature (see Coll & Grandjean, 2016, Experiment 4) , but it would be interesting to investigate location, for example. As Hommel (1998) showed and as we reported in our previous study (Coll & Grandjean, 2016) , location plays an important role in object file and event file bindings. Indeed, Kahneman et al. (1992 , cited by Hommel, 2004 defined the concept of an object file as follows: "an episodic memory trace containing information about the relationship between object features, possibly enriched by object-related knowledge from long-term memory, and addressed via location codes" (pp. 494 -495) . This means that location plays a central role in the creation and retrieval of the bindings, probably related to the importance of this aspect in vision. Furthermore, location tends to bind with the motor response when it is task irrelevant (Coll & Grandjean, 2016; Hommel, 1998) . Hommel (1998) explained this result as the strong intradomain coupling of location and motor response. According to him, spatial stimulus coding facilitates motor action toward the stimulus because of the spatial relationship between stimulus and response (Henderson, 1996 , cited by Hommel, 1998 .
Finally, one could also decide to vary the emotion in our paradigm. In our previous studies (Coll & Grandjean, 2016) , we investigated fear in addition to anger. Analyzing the timing of integration with motor responses for different emotions would clearly improve our comprehension of emotion-action binding.
